32 400 rev/min, we have achieved population levels of greater than 3 0 x 106 cells per ml on several occasions. As no further increase in population was achieved by the last addition of supplement, we are now examining the existing conditions at this level to determine whether nutrient, oxygen supply or some other factor is limiting.
Establishment ofCells in Suspension Culture
This strain of cells was maintained in culture for 170 days and is still growing well. It was thought that, as the suspension line was initiated from the 110th monolayer passage and the chromosome picture was mixoploid, the growth in suspension of this strain might have been unique. Attempts to establish suspension culture strains from the 11-15th monolayer transfer after first cloning of this strain by MacPherson were successful (Mac-Pherson & Stoker 1962) , and comparable cell yields and a seventy-two-hour growth cycle were achieved.
Discussion
It is only in recent years that techniques have developed sufflciently to allow the serial cultivation of diploid cells in monolayers and it is not surprising that only a few workers apart from ourselvesnotably Rightsel et al. (1960) and Hess et al. (1963) have described the successful propagation in suspension of cells derived from normal tissues.
It is a matter of considerable importance to determine whether such cells remain 'normal'. In monolayer cultures, two of the criteria which had been gaining acceptance have recently been shown to be unsatisfactory by Defendi et al. (1963) . The effects of suspension culture cannot therefore be defined in clear terms on the changing of the characteristics of the cell from normal to tumour-producing and we must for the present be content to study only changes in characteristics which we can define (chromosome characters, growth in culture, &c.) without implying normality or malignancy. BHK 21 clone 13 cells provide an excellent model for the study of these characteristics and we are currehtly examining the effects of parallel monolayer and suspension culture on two strains. One of these strains is of diploid and one of aneuploid karyotype. With a knowledge of the changes in these two strains and of cell growth parameters as defined by Monod (1950) and Herbert et al. (1956) for bacteria, it may be possible to make a more constructive approach to the fundamentals of cell behaviour in suspension and to realize the full potential of this technique.
The Chromosome Analysis of Cultured Human Cells
Although established cell lines from a variety of animals (including man) have been valuable biological tools, heterogeneity has seriously limited their usefulness. These cell lines are mixed cell populations, and clones of single cells from these cultures soon become heterogeneous, indicating their inherent instability. The cytologist, by the analysis of the chromosomes, has been chiefly responsible for demonstrating the variability among the cells in these cultures (Hsu & Moorhead 1957) . However, there have also been some immunological and biochemical observations bearing on this issue (Hogman 1960 , Konigsberg & Nitowsky 1962 .
The traditional impression that subcultivated animal cells lose the homogeneity characteristic of their tissue of origin has been challenged by at least two tissue culture groups (Puck et al. 1957 , Hayflick & Moorhead 1961 . Using feetal human tissue in one instance and normal adult human tissue in the other, and with some differences in growth media, they have been able to maintain the growth of fibroblast-like cells for prolonged periods without recognizable alteration in cell morphology or karyotype. These observations have been extended to other mammalian species although there is still evidence that some mammalian cells have an inherent instability in culture (Rothfels & Parker 1959 ). It appears that there are probably culture conditions which promote the maintenance of cell diploidy, but the exact nature of these conditions is still conjectural. It must be appreciated, however, that cultures of human cells that are chromosomally uniform have a limited ability to propagate in vitro, and the "Present address: Department of Pediatrics, University of Pennsylvania, Philadelphia, Pa, USA property of continuous cultivation at the present time is limited to the heteroploid cell lines. This finite life span of diploid cells need not be a serious deterrent to their use since some of the cells may be frozen at any early passage and used to re-establish actively growing cell populations as they are needed.
The ability to analyse the human karyotype with confidence has been a relatively recent development fostered by the monumental work of Tjio & Levan (1956) , who proposed what is essentially now the accepted normal human karyotype. Because of this technical advance it is now possible to observe altefations in the karyotype when cells are exposed, both in vivo and in vitro, to a variety of assaults such as X-ray, chemical mutagens and some viruses. The alterations noted in cells so exposed are often associated with deviations in chromosome number. The mere act of counting the chromosomes, however, would fail to detect those cells which show disturbed chromosome morphology such as chromatid breaks, rearrangements, deleted, fragmented and dicentric chromosomes, while still maintaining the diploid number.
Aneuploidy involving various chromosomes has now been recognized in the cells from humans of varying phenotypes. Tissues from some of these individuals have been submitted to prolonged cultivation and the original karyotype maintained. There is no evidence at present that aneuploid cell cultures behave differently from similarly developed cultures of diploid human cells, although we are still investigating this question.
The ability of aneuploid cell strains to maintain their karyotype in culture offers a source of cells with chromosome labels for mixed population experiments. Marker chromosomes such as the T6 chromosome in the mouse have been invaluable in following the fate of homologous cell transplants (Ford et al. 1956 ). Although in vivo experiments in man will be limited, the use of chromosomally marked human cells in vitro will be useful in studying the differential susceptibility of one cell strain over another to a variety of experimental manipulations.
The human karyotype in its currently accepted form must in fact represent only the 'gross anatomy' of the genetic constitution of cells, and the presence of a common karyotype between cells of a culture cannot be considered the final test of genetic homogeneity. It is uncertain at present whether the cytogeneticist will be able to provide the refinements of analysis still required or whether his methods will be superseded by those of the immunologist or biochemist. Recent observations suggesting that more subtle cytologic differences can be recognized have concerned the appearance of areas of decreased staining known as 'secondary constrictions' (Ferguson-Smith 1962) . A more accurate definition of these areas may make it possible to distinguish between chromosome pairs which by present methods appear similar. The inconstancy of these secondary constrictions has been a limiting factor in their usefulness. Methods have been sought to enhance their frequency and ease of identification. Saksela & Moorhead (1962) have shown that modification of fixation procedures influences the appearance of four autosomal pairs and the sex chromosomes. Following the lead of Hsu & Somers (1961) who showed that certain nucleic acid analogues affected the chromosome morphology of hamster and mouse cell lines, Kaback, Saksela & Mellman (1963, unpublished observations) analysed the effect of 5-bromodeoxyuridine on human chromosomes from leucocyte cultures. They found an enhancement of secondary constrictions in both a medium and a largesized autosomal pair, encouraging them to believe that biochemical manipulations may provide specific methods of identifying chromosomes and may give insight into the nature of the areas of negative heteropyknosis.
The role of the cytogeneticist in the monitoring of cells in culture is not limited to defining the chromosome stability of cell populations. He is also needed to recognize when contamination has occurred with cells from other mammalian species, a hazard in any laboratory where a variety of cell strains are being used.
Dr F T Perkins (Medical Research Council, London) said that the importance of these papers could not be overestimated, especially from the point of view of a search for an alternative tissue for virus vaccine production. If primary primate tissue was to be replaced as a substrate for the production of virus vaccines, it would seem logical to choose a tissue most sensitive to the greatest number of human viruses and one shown to be free of inherent viruses. The human diploid cell strains arising from embryonic human lung tissue were showing great promise of satisfying all the criteria necessary for an ideal cell substrate. They were sensitive to viruses hitherto undetected; they had been exhaustively examined for inherent virus infection and none had been found. Although they could be propagated through about forty passages, their life span was finite and their chromosome pattern remained normal throughout their life.
It was hoped that the modern techniques mentioned here would provide adequate methods for the control of such a cell substrate.
Dr I G S Furminger (GlaxoResearch Ltd) said that he had examined the antigens of cell sap as a means of determining the species of origin of cells grown in culture. The antisera had been prepared against homogenates of trypsinized dog, hamster, rabbit and vervet monkey kidneys, which had been spun at 100,000 g to remove the mitochondria and microsomes. The antisera produced were specific for the cell sap antigens of the species examined, except for the vervet monkey cells, which cross-reacted with cynomologus monkey kidney cells but not with human cells. The cell antigens of rabbit GLRK3 
